NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



NASA Technical Memorandum 82659 


Comparison of Predicted Engine 
Core Noise with Current and 
Proposed Aircraft Noise 
Certification Requirements 

Nd1-2y922 
UiiCiaS 

2 70tt4 


Uwe H. von dahn and Donald E. Groesbeck 
Lewis Research Center 
Cleveland, Ohio 


Prepared for the 

Seventh Aeroacoustics Conference 

sponsored by the American Institute of Aeronautics 

and Astronautics 

Palo Alto, California, Oaober 5-7, 1981 





(dASA-Trt-B2fa5y) COflPAfciSCN Uf PkEDLLThD 
EHGIHE CUBE hulSF KiTH CUBBENl AND tHOPOSLD 
AIuCaAFT NOISE CEBTiFiCAI ION hEWUIKEfltNIS 
(NASA) 15 P ilC Ad2/nt A01 CSCL 2JA 

OJ/7 1 




£-9?7 


C0I4>A;U:>0N of FK£01CTEU ENUINL COMt NOISE rilTH 
CUKrtENl ANO FHOfO:>tO AIKCrtArl NOISE 
CEKIIFICAIION rttOUlKErttNTS 

0> U«« rt. von Oldnn ino Oonald E. oroesDecK 
Nitionol Aeronautics ano space Aonnnislration 
Lewis Kesearcn Center 
Cleveland. Ohio 441 JS 


ADstract 

i*redicted engine core noise levels are compared 
witn measured total aircraft noise levels ano with 
current anc proposed federal noise certification 
reguiremeius. Compai isons are made at t.ie FAA-Jo 
measuring stations ano inv.lude consideration of both 
full and cutoacK power operation at takeoff. In gen- 
eral, core noise provides a barrier to achieving 
proposed ti*A stage 5 noise levels for all types of 
aircraft. i4ore specif ical ly. core noise levels will 
limii firmer reductions in aircraft noise levels for 
current widebouy commerc lal aircraft. 

Introduction 

Ihe need for aircraft noise control can be sum- 
marwed by me following actions being taken by the 
local ano federal goverments and cotinunity groups: 

(1) air traffic is be>ng effectively curtailed by 
nigiit curfews at leading airports, {i) noisy aircraft 
are being assessed extra landing fees, thereby in- 
creasing their operating cost. (S) tax iiwnies are 
ueing used to provide building insulation for struc- 
tures nea. airports, thereby increasing costs to tne 
public. (4) costs to the uviwiunity for airport devel- 
opuif'it are increased by I ano- control pisrcnasing of 
extra lano ano nousing based on noise contours, and 
13) increasing numbers of anii-iioise law suits are 
being filed ano won by connunilies and individuals 
against tnx* airport operators ano airlines. Finally 
a loss Of overseas markets can occur due to increas- 
ing sensitivity of the population to aircraft noise. 
If the noise is not reduced to acceptable ind com- 
petitive levels. 

Jet and fan noise are generally considered to be 
tne primary propulsion noise sources for current 
aircraft in.it affect the conmunity Ifig. 1). As 
these noise sources are reduced, tne core and air- 
frame noise sources provide a barrier to furtiwr 
noise reduction. In piriicular, core noise is of 
concern lor approach ano cutua.x powt'r settings 
irefs. 1 and ^). 

In general, tne mam contributor to core noise 
Is considered to be tne coaioustor. In a combustor, 
me quantities responsible for producing noise are 
believed to ue me fluctuating pressure and tenvera- 
ture. Ihe levels of tne fluctuations associated witn 
tne ciwiiDust ion process ai e related to tne fuel orop- 
let o.rning Characteristics, combustor geometry, fuel 
noddle design and nu<nber. etc. modeling of core 
noise IS still in its infancy, ieveral correlations 
of tne spectral content ano noise level been devel- 
oped in recent years irefs. J-3); However, none ap- 
pear 10 be completely sat isf aetc 'y. 

In this paper, predicted core noise levels for 
subsonic clJL aircraft engines are compareu witn 
aircraft noise levels rcguircd oy present and pro- 
posed noise regulations in order to determine whether 
or not preuicteo core noise levels Ccxnpiy witn tnese 
regulations ano, if not, by now mucn tne core noise 


levels must be reouceo in order to comply. Ihe pre- 
oic'.ed core noise levels are also compared with 
measured total aircraft noise levels obtained during 
certuicatiun flights. 

background 

Core Noise 

Core noise is considered to consist of the noise 
generateo by tne co<iibustor, turbine, support struts, 
and internal surfaces (fig. I). Combustor noise is 
produceo by the unsteady Ciunoustion in turbine en- 
gines iret. 0 ). Inat is, the combustion is unsteady 
with time varying neat release that in tu'-n prciduces 
unsteady pressure fluctuations witnm tne engine. 
Inese then propagate oownstreain tro<ii tne combustor 
and give rise to the far-field noise. Tie sound 
field generated by tne combustion process is partly 
attenuated oy the turuine, depending on tne iiumoer of 
stages, ano to a lesser degree oy tne exhaust no/y!e. 

Keduction of tne unsteady flow (turbulence) in a 
combustor in oroer to reduce tne source noise may not 
ue practical, sin«.e tne combustion process depends on 
a liign turouleiKe level for flame stability and burn- 
er perf onnance opt imwat ion (ref. 0 ). lonseguent ly, 
a performance penalty couio be expected witn reduced 
comouslor noise. 

luroiiie noise sources are associated witn a nigii 
frequency generating mechanism. Tiius, C.iilpipe 
acoustic wall treatment could, in principle, suppress 
any object lO'iable turbine tones or noise levels. 
However, interactions between tne turbine generated 
noise and tne turbulent exhaust flow can result in 
increased overall noise levels (ref. b). 

strut or obstruction noise is causeu by the f lo.« 
over a solid surface, resulting in a broadband noise 
source. In general tne flow velocities are suffi- 
iiently low within the engine boundaries that tnis 
noise sourie is considered a second order source, 
wneii strut noise does become apparent, it is gen- 
erally caused by cross flow or rotating flow over an 
internal support meinoer, 

current and Proposed uoverniiw'nt Subsonic CIOL 
TTr cra tt Noise Cert iFka l ion ftequire ments 

Tne following sections saatiiarwe the present 
f light noise measuring stations and tne Current anu 
proposed government certification requirements for 
subsonic cIUL aircraft. 

i XQise meas uring stat ions . - Ihe convent lonal i-AA 
noise measuring”slations (ref. /) were used inrougii- 
out tnis paper to ascertain tne predicted core noise 
levels. Tne niwiinal ineasuring stations were: 
lakeoff: t>48o m from start of roll 

Approach: iHSa m from runway tnresnolu 

Sideline: 4uJ m (0..3 n.mi.) fro<n runway 

centerline (flight pain) 
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Acoustic Data Base 



The aircraft altitude alon 9 the flight oath *•, 
tne takeoff measuring station generally varies with 
the cl lino 'ate of the aircraft, takeoff run, and 
single-ergine out performance requirements. The 
following altitude ranges at tne takeoff station were 
assumed nerein in tne prediction of takeoff core 
noise levels. 

Aircraft type Altitude at takeoff 

measuring station, 
m 

4-engine commercial - JUb 

d-engine commercial JOt> - 

^-engine coniner<cal 48ti - o/O 

lieneral Aviation/Business olO - 

In the pi'ediction of sideline core noise 

levels, an altitude of n't m was assumed for all 
aircraft. Experience has shown sideline noise is 
maximized at this altitude. 

A Ida reduction in altitude was assumed in the 
taxeoff noise predictions for cutDack conditions 
(Soa of maximum fa' speed). However, a minimum 
altitude of m was maintained as a lower limit at 
tne measuring station. 

Current and proposed noijC rules . - In fig- 
ure ^r"tne~currenlr5K^3o~iT77Sr'aTrcraf t certifica- 
tion requirements (also called stage 3). m terms of 
tne effective perceived noise level as a function of 
aircraft ^ross weignt (solid line), are shown for 
tne taxe-off, sideline, ano approacn measuring 
stations (ref. /). Note tnat tor tne takeoff condi- 
tions (fig. d ta)), tnree lines are shown for tne 
large couiaercial aircraft. These lines separate tne 
aircraft Oy tne numoer of engines, witn those air- 
c.aft having four or more engines certified at 
higher noise levels than those having three or two 
(in descending order). 

Also snown in figure d are the lower proposed 
Ei’A certif ication requirements (ref. 8), generally 
referred to as stages 4 ano u. Note tnat no noise 
rule uif ferentiation is maue with respect to tne 
numoer or engines on an aircraft fo* tne>e proposed 
stages. According to reference 6 the noise levels 
in Ei’Ndb for the proposed Ei’A stage 4 noise rule is 
given oy the following relationships: 

raxeoff : / log w * 3t> 

Mdel me: log w * 

Approacn: / log w * oO 

Similary. tne noise levels in Ei’NOB for tne proposed 
ern stage d no‘ e rule is given by: 

lakeoff: / log w ♦ bl 

sideline: lif log w * <fb 

Approach: / log w * b/ 

These relationships apply to aircraft with takeoff 
weights from AsdU to 43d, 000 kg. 

finally, to place the certification reqiire- 
ments in a more complete perspective, the original 
i-'AK-do (lifo4) noise regulation is snown for com- 
parison with the present and proposed noise rules. 

Tne original noise rule is coninonly referred to as 
Stage d, wi;n tne unregulated phase referred to as 
stage l. 


As part of this study, measured total aircraft 
noise levels obtained during fAA certification 
flights are used for coiiparison with predicted core 
noise levels ano ootn current and proposed aircraft 
noise certification requirements (ref. 8). A brief 
description of tne aircraf t/engine types included in 
this paper is given in the following table. 


Aircraft 

Engine 

Number 

of 

engines 

Nominal 

aircraft 

gross 

weight, 

“9 

8-/0/^ 


JT30 

4 

113-149,000 

OC-8 1 Narrow 

JT3D 

4 

143,039 

8-/^/ /body 

JT8U 

3 

//,Oo3 

8-/3/ 


JT8D 

2 

32.131 

OC-:/ J 


JT80 

2 

49,8o4 

8-/4/^ 


CFb, JT8U 

4 

31/.316 

OC-10 >widebody 

JT80 

3 

226,633 

LlOllJ 


H8./11 

3 

lv4,92I 

Learstar^ 
oUO 1 

1 lieneral 

YfbOiJ* 

2 

14,306 

Cessna I 
300 J 

1 Aviation 

o1l3l) 

2 

3.213 


'Similar to YflOi! engine. 


Core Engine Characteristics 


Tne nominal full-power core engine charac- 
teristics are given in the following table (refs. 
^-13): 


Engine 

Keference 

Combustor 
to- ambient 
pressure 
ratio. 

Combustor 

temperature 

ratio. 

^4.m^^3,m 

Maximum 
core floi 

*'(!’ 
kg/ ;ec 

Cfb 

9 

28 

1.9b 

113.3 

48211 

10 

28 

1.96 

93./ 

JT90 

11 

19 

1.93 

138./ 

JT80 



14.3 

1.// 

o3./ 

Yfl02 

12 

12 

2.20 

18.1 

JTIdO 

13 

/,3 

2.30 

8.2 


In order to provide input into tne core noise 
prediction procedures for less tnan full-power oper- 
ation. the preceding core engine parameters were 
examined for similarity. The comoustor-to-amoient 
pressure ratio. Pj/f’a. and the core flow, w, 

lues were plotted as a function of fan speed based 
on information available in tne appropriate refer- 
eiKc-s. Tne variation of comoustor pressure, Pj, 
and core flow. w. with fan speed is snown in figures 
3 and 4, respectively. Tne solid curves shown in 
the figures represent mean valuei for the indicated 
parameters. 

Tne JT8D core engine data shown in figures 3 
amt 4 ano in tne preceding table are unpublished but 
were made available to tne authors for inclusion 
nerein through the courtesy of Pratt and Whitney 
Aircraft. Similar core data trends with engine 
parameters were assumed for the JT31) used in the 
8-/0/ and tX'-8 aircraft. 


Tne variation of thrust with fan speed is shown 
in figure 3 based on data given in reference K for 
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toe Cro-M) eii9ine. It is also stated in this refer- 
ence tn/t during approach, the engine is oper.ited at 
a i.niu»t level of JUa of maiimuiii, with a correspond- 
ing tan speed ot oha ot inaaimuin. In the absence of 
other data. It is assumed herein that all the en- 
gines operate at this condition during aoproacn, 
Kurthennore, It is assumed that during cutback at 
takeoff, all the engines operate at a tan speed of 
83a of maaifflum Mith a thrust level of bba of maa'imum. 

In general, the cotnouslor temperature ratio, 
decreases very gradually Mith a reduction 
in fan speed over the range of fan speeds of in- 
terest. Consequently, herein it is assumed, for 
convenience, that for the 8ba fan speed cutback 
condition, the fa/Tj ratio is the same as that 
at full povter. For approach, on the basis of data 
in references g-ld. the T4/IJ ratio was tat'en to 
be 91.3a of that at full power. 

Core Noise Prediction 

Spectra 

The spectral shape used for the prediction of 
core noise is given in reference 3 ano dentified as 
the “spectral envelope.” This spectral envelope is 
a uroaoer spectrum than that frequently ascribed to 
combustor noise only. The peaa of the spectrum is 
assumed to be at 400 rti statically and is assumed to 
be shitted in flight by a Ooppler snift in frequency. 

Overall Sound Pressure cevels 


The predicted noise level statically is obtain- 
ed from reference .1 ana is given by: 


in order to account for ground reflections inherent 
in the measured data. In order to account for Jet 
and airframe shielding effects, the following reduc- 
tions in sideline noise levels were used: 


Number of 

Aircraft type 

Nominal sideline 

engines 


a d8 due to 
Shielding 

1 

Ueneral Aviation, 
8-737. OC-9 

> 

- 4 . 

3 

8-727, OC-10. LlOll 

-3 

4 

8-707, 8-747. OC-8 

-4 


The following nominal flight speeds were 
assumed in the prediction procedures. 


Operational Aircraft 

Number of 

Percent 

Nominal 

mode 

type 

engines 

fan speed 

flight 
speed. 
Vo .m/s 

Takeoff 

Comnercia 1 

7. 3 

83,100 

91.3 


Commercial 

4 

83.100 

107 


General 

Aviation 

All 

83.100 

87.3, 

83.3 

Approach 

Comnercial 

All 

63 

83.8 


Oeneral 
Avi at ion 

All 

o3 

3b. 4 

For 

the noise prediction calc 

ulations. 

the 


aircraft attitude during tateoff was assumed to be 
♦IS* relative to the flyover plane and 0* during 
approach. 


0A3»’Lj^,^j* • K - <?0 log 8 

♦ 10 log|w[(T^ - U) 

where k, in SI units, is assumed to be 4o for turbo- 
fan engines and 3b for turbojet engines. The value 
of 8 IS the distance from ine aircraft to the ground 
measurement location at each directivity angle. The 
variation of 0AS»*L with directivity angle taken from 
reference J. Is given in figure 0; the values shown 
are U8 values relative to the OA38L at a ■ 170°. the 
angle generally considered to be the peai. core noise 
angle. 

In order to detenrine the flight effect from 
the static values Of 0«S8L. the Doppler factor,’ 

(1-M cos9) * was us»d in reference 1. Ine resul- 
tant inflight OA3PL IS given as follows: 

0A3**L(:- 0AS8l^« -40 log (1 - COS 8) 
Perceive d Noise Leve Is 

Perceived noise levels IPNL) were ccMiputed for 
the appropriate engine power settings at the desired 
flight conditions. In order to obtain EPNL values, 
the PNL values, plotted as a function of time, were 
then integrated between th« times when the PNL 
levels were 10 d8 down from the peak PNL. 

Predicted core noise levels were adjusted for 
the number of engines by adding 10 log N to the 
calculated single engine PNL and EPNL. An arbitrary 
J dH also was added to the calculated PNL and EPNL 


Comparison of M e asured Tota l Ai rcraft Ndise 
with current anTTroposeJliolse Results 

The measured total aircraft noise levels for 
tne aircraft included herein are shown as a function 
of gross weight in figure /, together wUn the cur- 
rent and proposed noise certification requirements 
^refs. 1 and 6). The aircraft shown cover a range 
of gross weights for several of the aircraft and the 
data also indicates successful noise reduction ef- 
forts for some of tne aircraft. In general, tne 
higher noise levels for a specific aircraft type are 
tor tne initial production run while the lower noise 
levels are for more recently produced models, ihe 
later aircraft generally are equipped with engines 
quieted by the use of acoustic treatment in the 
engine inlet ano/or exhaust ducts. It is also ap- 
parent tnat the total noise signatures of tne newer 
aircraft equipped with engines naving bypass ratio 
greater than I (8-74/. DC-10, and LlOll) all meet 
the FAA stage J noise certification requirements or 
are uelow tne applicable rule. 

Coyarison of Core Noise Levels Nit h Current a nd 
Proposed Aircraf t cert ITTc at I on Requ ir ements 

In figure 8, the predicted core noise levels 
for tne aircraft/ engine configurations shown or«.vi- 
ously in figure 7 are cimpared with various federal 
noise regulations for the following operational 
conditions: 

il) Full power takeoff 

Cutback (part-power) taseoff 
(J) Sideline and 
(4) Approach 


j 

« 

\ 



i’’or edo' aircratt, premctions were made only 
tor inuse power settings and operating conditions 
for wnicn measured noise data were availaole. 

Tnc predicted core engine noise levels for 
taKeoif are shown in figure d as vertical oars, with 
*he top of each oare corresponding to tne lowest 
altitude tor tne specific aircraft category and the 
oottom of each Oar corresponding to the highest 
altitude tor the specific aircraft category. Also 
shown for reference in tne preceding figure are the 
measured total aircraft noise levels from figure /. 

Pertinent engine and flight parameters for 
these operational conditions were given in the sec- 
tions entit'ed “Core tngine Characteristics" and 
"Core Noise Prediction." 

Taneoff Noise 

Tne comparisons of predicted takeoff core noi'e 
levels for full power and cutoack I8sa fan speed) 
witn the various noise rules are shown In fi<;.’-f. 
8ta) and 8 (d), respectively. 

fu 1 1 power . As shown in figure 8(a). the re- 
presentative predicic'' core noise levels for small 
general aviat lon/Dusineis-type aircratt engines are 
near the proposed tPA stage d cert ir icat ion require- 
ments. Iiie predicted core noise levels and the pro- 
posed stage 8 noise rule are generally 8 08 Delow 
fhe measured total aircraft noise levels of current 
aircraft. However, in order to meet tne proposed 
stage 8 noise rule, all noise sources must be iiv 
eluded; consequently, tne core noise must be reduced 
so that tne summation of all noise sources will meet 
the proposed stage 8 noise rule with an adequate 
margin (generally I to J dd less than tne rule), 
current predicted core noise levels for these air- 
craft are sufficiently low enough so that core noise 
would not be a factor in determining whether these 
aircraft are able to meet the proposed £PA stage 4 
noise levels. 

for the large commi>rt lal aircraft, all t.ie 
predicted core engine noise levels esceed the pro- 
posed tPA stage s noise. In fact, the predicted 
core engine noise levels for the high bypass engines 
used on the widebody L-lOll, 8-M7. and l)C-10 type 
aircraft esceed tne proposed tfA stage 4 noise 
rule, tne predicted core noise for these aircraft 
I very close to the measured total aircraft noise 
measured during noise certification flights. Inis 
indicates tnat core noise is providing a barrier to 
further noise reduction for wioehody. large 
tivtvnercial aircraft. 

consequently, reductions of other noise sources 
(fan, jet, etc.) will not produce substantial total 
noise reductions for these aircraft types. 

cutu ack. - In order to reduce aircraft noise 
during takeoff, a cutback in engine power is often 
used after lift-off and prior to tne takeoff mea- 
suring station, for tne older narrowbody consnercial 
aircrjft (8-/J/, 6-U>. 8-/d7 and OC-9). the pre- 
dicted core noise levels wi'n cutback are near or 
below tne proposed tfA stage 8 level (fig. 8(b)). 
However, tne predicted core noise level for the only 
widebody aircraft (it-74/) shown in figure 8(b) is 
above tne proposed ti’A stage 4 noise curve and is o 
08 above tne proposed EfA stage 8 level. It is 
ekpected that the other wioebooy aircraft (OC-IO and 
LlJil) would snow a similar trend; however, because 
no measured data are available, no predictions were 


made fc<r these aircratt. 

Sideline Noise 

The predicted sideline core noise levels shown 
III figure 8(c) all are calculated for an altitude of 
m, winch ekperlence has shown to give the maxi- 
mum sideline noise. 

the general aviation/business aircraft and 
narrowbody comnercial aircraft predicted core noise 
levels all are below the proposed Ci'A stage 8 noise 
rule by from ^ to o d8. However, fhe predicted core 
noise levels for the widebody aircraft, as for the 
takeoff condition, are generally between the pro- 
posed tAA stage 4 and stage 8 noise rules, for the 
wideoody aircraft (LlOll and i)C-ld), the predicted 
core noise levels are substantial ly the same as the 
measured total aircraft noise levels, thus, core 
noise for wiueoiidy aircraft imposes a barrier to 
aciiievnig tne proposed tfA stage 8 sideline certifi- 
cation requirements. 

Approacn Noise 

The prediclel core noise for general av1a- 
t lon/business aircraft ano for tne older narrowbody 
airuraft (fig. 8(u)) are up to 8 d8 below the pro- 
posed Et*A stage 8 noise '•ule. However, the pre- 
dicted engine core iidfs. levels for inp widebody 
aircratt are near the prupjseo tf.‘, stage 8 approach 
noise rule levels. Consequently, core noise again 
imposes a barrier to achieving tne proposed stage 8 
approach noise certification requirements when other 
noise sources are included together wiin the neces- 
sary operations noise margin. 

Uiscussion 

Ihe civnparisons of the predicted core noise 
levels witn current and proposed federal aircraft 
noise certification requir»snents shown in figure 8 
indicate that, in general, core noise can provide a 
barrier to *ne proposed ti*A stage 8 federal noise 
rules for all aircraft types from general aviation 
to widebody comnercial aircraft, even tor propos'd 
ti*A stage 4 noise rules, core noise provides a b 
rier to achieving tnis rule tor wioebojy comnercia. 
aircraft, with the most severe core noise problem 
occur ring at the takeoff and sideline measurn.g 
stations. The question of ineeting proposed future 
noise rules is co<iipounded by the contribution of 
otner noise sources (fan, jet, airframe, etc,) which 
when coupled with core noise provide a serious ob- 
stacle to ineeting the proposed Ci'A stage 8 federal 
noise rule levels. 

because of the low frequency content of com- 
bustor noise, suppression of core noise by lining 
tne tailpipe with reasonable liner thicknesses and 
weight appears difficult. Advances in bulk liners 
may offer a possible solution to the low frequency 
noise suppression problem. However, hulk suppres- 
sors Could bec'vne contaminated with fuel, partic- 
ularly at engine startup, and create a tailpipe fire 
hazard. 

rieduction of core noise at its source, the 
combustor, currently is not well understood. Appli- 
cation of available data and analyses generally tend 
to result in radially larger, heavier, and less 
efficient combustors that require larger diameter 
nacelles to nouse tne combustor thereby imposing a 
drag penalty on the aircraft. In order to provide a 
viable low core-noise engine, a much improved unOer- 
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standing of tne noise generation processes in tne 
core engine, particularly in the comoustor, is 
required. 

Eiainlnation of the predicted core noise levels 
compared Mith measured total aircraft noise Indi- 
cates that tne prediction procedure for core noise 
needs to be re-eiiamined. The present procedure, 
uhile applicable to turbojets and Iom bypass fan 
engines, may not be completely suitable for high 
bypass engines such as the CFb and engines. 

Evidence of this is that of the predicted takeoff 
core noise level at full power (fig. 4(a)) for the 
LlOll aircraft (Kd^ll engines) is greater than the 
measured total noise level. However, this differ- 
ence may be erroneous since tne enact power setting 
tor tne •neasureo noise data was not available ano 
the engines may not have been at the full power 
setting. 

Cone lusion 

from the results obtained in this study it is 
obvious that core noise must oe reojced in order to 
.neet proposed future fe»<eral noisc certification 
requirements, particularly when a certification 
"marc,in of safety" is necessary. Because of the 
interre lat lonsRips of core noise and engine perform- 
ance. the low frequency content of core noise, and 
physical ciwipotient limitations, this will be diffi- 
cult to achieve and requires an estensive and inten- 
sive research effort on tne part ot government and 
industry. 
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Figure 1. - Engine noise sources. 
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Figure 3. - Variation of combustor inlet pressure ratio Figure 4 - Variation of weight flow ratio with bn speed for 

with fan speed for turbofan engines. turbofan engines. 



Figure 5. - Variation of thrust with fan speed for CF6-50 
engine (ref. 9). 



Figure 6. - Core noise static directivity (ref. 3). 
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Figure 7. - Comparison of measured total noise for representative 
aircraft with FAA/EPA aircraft noise certification requirements. 
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Figure 8. - Comparison ol predicted engine core noise level with 
measured total aircraft noise and FAAiEPA aircraft noise certi- 
fication requirements. 
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Figures. - Concluded. 


